Objective: In modern health care, vascular surgeons frequently serve as a unique resource to other surgical specialties for vascular exposure, repair, reconstruction, or control. These services occur both in planned and unplanned clinical settings. We analyzed the frequency, outcomes, and value of vascular services in this setting to other surgical specialties and the hospital.
As surgical disciplines evolve, the use of a multidisciplinary approach to operative intervention has increased. The contribution to this approach for vascular surgeons is the reconstruction of critical vascular structures or providing vascular control and repair during a specific operative procedure.
Unfortunately, many requests for vascular surgery expertise occur as an unplanned emergency intraoperative consultation. The tacit assumption underlying these requests is that vascular surgeons are ready and available at a moment's notice (ie, 24/7). Administrators, other medical providers, hospital systems, and modern health care in general underappreciate the value and necessity of vascular surgery services in this context. 1 In addition, the contribution to patient safety of readily available vascular surgery services to a given hospital has rarely been quantified or reported. One recent study from the University of Oregon did focus on unplanned intraoperative vascular consultations and the associated value to the hospital. 2 This study demonstrated the important role vascular surgeons play in this setting. The goal of our study was to provide a more global view of hospital-based vascular surgery services by including planned and unplanned operative consultations in a tertiary academic medical center with a focus on patient outcomes and economic value.
METHODS
A retrospective review of all vascular surgery operative consultations during a 3-year period (2013-2016) was performed. The Keck School of Medicine Institutional Review Board approved this study and waived informed consent. Consultations included in this review involved those that required the vascular surgeon to provide vascular exposure, control, repair, or reconstruction. Trauma consultations were not included because our institution does not have a functioning emergency department to accept trauma-related transfers.
Consultations requested exclusively for exposure of the spine to facilitate fusion or disc replacement were excluded.
Patient demographics, indication for the primary operation, reason for the vascular surgery operative consultation, specialty requesting the operative consultation, vascular bed requiring vascular intervention, type of vascular intervention, graft type, operative times, and blood loss were collated. Postoperative morbidity, reintervention, and in-hospital and 30-day mortality were gathered. Graft patency was determined by postoperative imaging studies using duplex ultrasound imaging, computed tomography angiography, or magnetic resonance imaging.
Operative vascular consultations were classified as planned or unplanned. Planned was defined as a consultation in which the vascular surgeon had been involved in the preoperative planning and was scheduled to be available on the day of the operative procedure. An unplanned consultation was defined as one in which the vascular surgeon had no prior patient contact and was asked provide an emergency intraoperative consultation. Accessing a vascular surgeon from our group for unplanned consultations occurred mainly through the published vascular surgeon on-call schedule. Physician work relative value units (wRVUs) generated for the primary surgeon and the consulting vascular surgeon were calculated using billing records and Current Procedural Terminology (CPT; American Medical Association, Chicago, Ill) codes.
The primary outcome was a composite end point of in-hospital/30-day mortality and morbidity. Other outcomes analyzed included the incidence of unplanned and planned consultations, primary patency of vascular repairs, and wRVUs.
Data were captured on an Excel spreadsheet (Microsoft Corp, Redmond, Wash) and transferred to Stata 12 software (StataCorpLP, College Station, Tex) for statistical analysis. Continuous variables were compared using unpaired two-way Student t-test, and categoric variables were compared using the two-tailed Fisher exact test and c 2 analysis. A multivariable logistic regression model was constructed for the composite end point by including variables with P value of <.05 from univariable analyses. Primary patency of the vascular repair was derived using life-table methods, and significance was estimated using the log-rank test.
RESULTS
During the 36-month period, 76 consultations were requested, of which 43 (56%) were unplanned. Preoperative patient demographics and preoperative variables of the planned and unplanned consultations are listed in Table I . There were no significant differences in any variable between the two groups. The requesting specialties are collated in Table II . The most common specialty requesting an unplanned consultation was urology (23%), and the most common surgical specialty requesting a planned consultation was cardiac surgery (30%). An unplanned operative consultation was most commonly requested for bleeding (33%), whereas a planned consultation was most commonly requested for a vascular reconstruction (43%). Intraoperative bleeding was significantly more common in the unplanned group. Other indications for intraoperative surgical consultations in the planned and unplanned settings are summarized in Table III .
Additional operative variables are also listed in Table III . The distribution of the vascular beds managed were similar between the two groups with the exception of the inferior vena cava and its major branches, in which management was more commonly required in the unplanned setting. The most common vascular structures requiring ligation, repair, or reconstruction overall and in the planned setting were the aorta and common femoral artery. The aorta and the popliteal artery were the most common in the unplanned setting. There were no significant differences in type of repair or graft used between the planned and unplanned groups.
The vascular procedure time was significantly lower, at 91 minutes vs 158 minutes (P ¼ .003), and the overall mean procedure blood loss significantly higher in the unplanned setting, at 2267 mL vs 1011 mL (P ¼ .036). Total mean wRVUs per procedure were 64.5 (range, 9.21-158.4). The wRVUs were 40.6 (range, 1.14-129.3) for the primary nonvascular procedure and 23.8 (range, 0-69) for the vascular procedure. There was no difference between total and nonvascular and vascular wRVUs between the planned and unplanned groups. Total wRVUs for the entire cohort were 4905.09.
Postoperative variables, including morbidity and mortality, are listed in Table IV . Intensive care unit and hospital length of stay were similar between the two groups. Postoperative complications occurred in 11 patients in the unplanned setting and in five patients in the planned setting. The comparison of unplanned vs planned found no significant difference in overall postoperative morbidity (P ¼ .396). In-hospital/30-day mortality occurred in seven patients (9.2%), four in the unplanned setting and three in the planned setting. In the unplanned setting, three patients died of complications related to extracorporeal membrane oxygenation, two died of multiorgan system failure, and the other anoxic brain injury. The fourth patient sustained an aortic injury during robotic resection of a large renal cell carcinoma. The patient sustained immediate massive blood loss. Despite repair of the abdominal aorta with an interposition graft, the patient died in the operating room. In the planned setting, two patients with heart failure and on extracorporeal membrane oxygenation were placed on comfort care. A third patient had a ruptured hepatocellular carcinoma with hemorrhage. The patient went into multiorgan system failure after attempted surgical control and was placed on comfort care. Unplanned to planned in-hospital/ 30-day mortality was not significantly different (P ¼ 1.00; Table IV) . Mean length of follow-up was 3 years. The 30-day and 1-year primary patency was 90% and 84%, respectively, for unplanned repairs, and were both 93% for planned repairs. Log-rank test of the patency curves revealed no significant difference in patency between the groups (P ¼ .674). Abdominal vascular repairs had a 1-year primary patency of 96% vs 80% for extremity repairs. This improved patency for abdominal repairs was close to significant (P ¼ .054).
ARTICLE HIGHLIGHTS
The composite end point of in-hospital/30-day mortality and morbidity was generated for univariable analysis of the entire cohort (19 of 76 patients). Factors associated with increased in-hospital mortality or morbidity, or both, were coronary artery disease (P ¼ .002), congestive heart failure (P ¼ .02), total operative blood loss (P ¼ .009), consultation for limb ischemia (P ¼ .013), and intervention of a lower extremity vascular bed (P ¼ .01). Vascular reconstruction as the reason for consultation (P ¼ .043) and intervention of aorta (P ¼ .023) were associated with a decreased composite end point (Table V) . A multivariable logistic regression model was constructed for the composite end point by including all variables that reached statistical significance on univariable analysis. Total operative blood loss was stratified into quartiles and dichotomized to high and low. High operative blood loss was defined as the top quartile ($5000 mL). On multivariable analysis, high operative blood loss remained significant risk factor for increased composite end point (odds ratio, 20; P ¼ .04), and coronary artery disease approached statistical significance (odds ratio, 6.95; P ¼ .06; Table VI).
DISCUSSION
Past literature has focused on specific roles of the vascular surgeon providing assistance to surgeons of other specialties. New literature has come to light describing the scope of vascular surgeon involvement in nonvascular procedures when urgent intraoperative consults are requested. are unplanned and not anticipated by the requesting surgical specialty. As demonstrated, planned and unplanned vascular surgery consults are requested by multiple surgical specialties for a variety of indications, vascular beds, and vascular services. Most of these consults are unplanned, placing the vascular surgeon immediately in the center of a chaotic surgical situation that has the potential for unacceptable morbidity and mortality. Despite this clinical context, our experience indicates that vascular surgery involvement when requested provides outcomes equivalent to those associated with elective planned involvement. In addition, midterm analysis of graft patency indicates equivalence between those performed in the planned and unplanned setting. Others have also documented the broad scope of services requested of the vascular surgeon and the equipoise of outcomes. 3, 4 To achieve these outcomes requires knowledge and comfort with open vascular exposures of diverse vascular beds. In addition, surgical expertise in vascular exposure control, repair, and reconstruction are mandatory. The unique knowledge and surgical expertise possessed by the vascular surgeon is at risk given current vascular surgery training that is heavily oriented towards endovascular procedures. 2, 5 The same is true for residents in general surgery who desire a career in vascular surgery. Open abdominal procedures are increasingly less common, and a minimally invasive approach is being increasingly used for most procedures. 6, 7 Consistent with this evolution in general surgery training is that Ritchie et al 8 in 1999 and Valentine Upper extremity 5 (7) 2 (5) 3 (9) .647
Head and neck 4 (5) 2 (5) 2 (6) along with open operative experience, will be required to develop and maintain the skill set needed to provide essential vascular surgery services to our colleagues in the other surgical disciplines.
The wRVU provides insight into the relative value of physician time, technical skill, physical and mental effort, judgment, and stress. 12 Although imperfect, wRVUs allow comparisons of "value" between different surgical procedures. Our analysis indicates significant relative value manifested in two ways when vascular surgery is requested to participate in any operative procedure: First, the specific nonvascular procedure is facilitated and, if you will, allowed to occur in a given hospital because the vascular surgery expertise is available not only when planned but also when unplanned.
Second, the vascular surgery contribution increases the total value of the procedure, which translates into greater value to the patient and the hospital. However, this can come at a cost to the vascular surgeon if cancellations of his or her electively scheduled case are required. The efforts of vascular surgeons to manage the competing needs of the surgical specialist and the hospital, namely vascular surgery services at a moment's notice, and vascular surgery services to their own patients is underrecognized by hospitals and health care systems. 1 For vascular surgery services to be available in the future, additional hospital-based resources, education, and support will be necessary to balance these competing interests.
1,2
Our analysis of the results of our experience found a number of factors that influenced outcome. The strongest association found in our cohort between high operative blood loss and the composite end point of in-hospital mortality or complications, or both, is not surprising. In the context of the unplanned group having significantly higher operative blood loss, our finding highlights the importance of early planned vascular surgery involvement, especially for procedures involving the aorta or inferior vena cava in which significant blood loss is possible. This seems to be particularly true for patients with inferior vena cava involvement, in whom we found an unplanned consultation to be significantly more common. Other risk factors found to have an effect, such as coronary artery disease and congestive heart failure, suggest that when contemplating a surgical intervention with at-risk vascular structures, full preoperative assessment for existing cardiac disease is important. Finally, lower extremity procedures and associated limb ischemia influenced mortality and morbidity. Consistent with these findings is that in the unplanned setting, the popliteal artery was the most common vessel requiring vascular surgery attention.
Limitations of this study include its retrospective nature and the diverse mix of patients. We attempted to refine the mixture of patients by excluding those where vascular surgery involvement was simply exposure of the spine for fusion or disc replacement, but certainly, a diverse variety remains. The resulting group, although diverse, all had in common that a vascular procedure was required. This allowed an analysis focusing specifically on this aspect of the vascular surgery service rendered. In-hospital/30-day mortality 7 (9) 4 (9) 3 (9) 1.00 a Continuous data are presented as mean 6 standard deviation and categoric data as number (%).
CONCLUSIONS
The need for vascular surgery services in the modern health care environment is frequent, involves diverse vascular beds, and occurs commonly in an unplanned setting. For vascular surgeons to provide such services, the essential skills of open vascular exposure, control, repair, and reconstruction must be maintained. The importance of these skills is highlighted by the finding that intraoperative blood loss alone is the single strongest determinant of patient morbidity and mortality. Consequently, the value proposition of vascular surgery services to patient safety, colleagues in other surgical specialties, and the hospital is clear. To maintain this essential hospital resource will require that it is recognized as such by the health care community. 
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